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Edited by Hans EklundAbstract Creatine kinase is a member of the phosphagen kinase
family, which catalyzes the reversible phosphoryl transfer reac-
tion that occurs between ATP and creatine to produce ADP
and phosphocreatine. Here, three structural aspects of human-
brain-type-creatine-kinase (hBB-CK) were identiﬁed by X-ray
crystallography: the ligand-free-form at 2.2 A˚; the ADP–
Mg2+, nitrate, and creatine complex (transition-state-analogue
complex; TSAC); and the ADP–Mg2+-complex at 2.0 A˚. The
structures of ligand-bound hBB-CK revealed two diﬀerent mono-
meric states in a single homodimer. One monomer is a closed
form, either bound to TSAC or the ADP–Mg2+-complex, and
the second monomer is an unliganded open form. These struc-
tural studies provide a detailed mechanism indicating that the
binding of ADP–Mg2+ alone may trigger conformational
changes in hBB-CK that were not observed with muscle-type-
CK.
 2008 Federation of European Biochemical Societies. Pub-
lished by Elsevier B.V. All rights reserved.
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homeostasis; Crystal structure; Creatine complex1. Introduction
Creatine kinase (CK; EC 2.7.3.2) is a member of the phos-
phagen (or guanidino) kinase family, which catalyzes the
reversible phosphoryl transfer reaction between ATP and cre-
atine that results in the production of ADP and phosphocrea-
tine [15]. Phosphocreatine is used as a reservoir of high-energy
phosphate that enables the eﬃcient supply of ATP to skeletal
muscle, heart, and brain for use in biological processes that re-
quire a high level of energy. There are four major CK isoen-
zymes, which have been characterized based on diﬀerences in
their nucleotide and amino acid sequences as well as diﬀerences
in their tissue localization and immunogenicity [28]. Two cyto-
solic isoenzymes, the brain type (B chain) and muscle type (M
chain), can form homodimers (MM-CK and BB-CK) or het-
erodimers (MB-CK). In addition, there are two distinct mito-
chondrial isoforms that exist as an octamer or dimer:
ubiquitous Mia-CK in the brain and sarcomeric Mib-CK in
muscle, respectively [8,23].*Corresponding authors. Fax: +82 2 921 3702.
E-mail addresses: chahong@korea.ac.kr, ezeg@korea.ac.kr
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doi:10.1016/j.febslet.2008.10.039The creatine kinase/phosphocreatine shuttle system func-
tions both as an energy transport system through subcellular-
ly-compartmentalized CK isoenzymes and as a temporal
energy buﬀer. The brain-type cytosolic isoform of creatine ki-
nase, BB-CK, exists primarily in the brain and retina and is
associated with ion transport pumps in the brain [11,13,14].
In the brain, improper regulation of CK is associated with neu-
rodegenerative diseases such as Alzheimers disease [1,6]. Brain
function appears to be linked with the creatine kinase/phos-
phocreatine system in several ways, which would explain the
relationship between CK regulation and the development of
neurodegenerative disease. The majority of energy consumed
by neural cells is used to transport ions via the Na+–K+ ATP-
ase [11,12,14] and ATP-gated K+ channels [2,5], and these pro-
cesses account for approximately 50% of the total energy used
by the brain. Therefore, BB-CK is a key enzyme involved in
brain energy metabolism.
To date, the following crystal structures in the CK family
have been identiﬁed: chicken Mib-CK (PDB ID:1CRK) [10],
chicken brain-type CK (1GH4) [9], rabbit muscle-type CK
(2CRK) [22] and its transition-state analog complex (1U6R)
[20], human ubiquitous Mia-CK (1QK1) [8], human muscle-
type CK (1I0E) [24], bovine brain-type CK (1G0W) [27], and
the transition-state analog complex (TSAC) structure of
Torpedo californica muscle-type (2VRP) [15] Even though the
crystal structures of several members of the CK family have
been determined and extensively characterized, the catalysis
mechanism by which they function has not yet been elucidated.
For example, the exact role that the negatively-charged NEED
(Asn230, Glu227, Glu232, and Asp228) motif and the cysteine and
histidine residues in the active site play in substrate binding
and catalysis is not clear. However, it is known that, although
the overall structures of hBB-CK and MM-CK are similar,
some residues move considerably as the substrates bind [15]
For example, there are diﬀerences between the open and closed
forms of both ADP–Mg2+-bound structures. Speciﬁcally, the
positions of the two loops comprised of residues 60–70 and res-
idues 323–332 diﬀer between the open and closed form. Also,
the sequence of arginine kinase (AK) is 55% similar to the se-
quences of the various CKs, and the structure of the AK-
TSAC structure is very similar to the structure reported for
CK. In particular, the position of the two loops comprised
of residues 60–70 and residues 323–332 diﬀers between the
AK-TSAC and hBB-CK-TSAC structures [21,30].
In this study, three structural aspects of human brain-type
creatine kinase (hBB-CK) were determined by X-ray crystal-
lography: the ligand-free form at 2.2 A˚; the ADP–Mg2+,blished by Elsevier B.V. All rights reserved.
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complex at 2.0 A˚. Ligand-binding experiments revealed that
the homodimer structure of ADP–Mg2+ or TSAC was com-
prised of two monomers with diﬀerent conformations; one
structure was a closed form with ligand-bound ADP–Mg2+
or TSAC, and there was an unliganded open form. A compar-
ison of these protomers enabled identiﬁcation of the residues
involved in TSAC binding and determination of the conforma-
tional changes associated with substrate binding. In addition,
comparison of the MM-CK structures enabled identiﬁcation
of some of the residues involved in substrate speciﬁcity.2. Materials and methods
2.1. Crystallization
Protein expression, puriﬁcation, and crystallization have been de-
scribed elsewhere [3]. The production of the protein should be given
to 40 mg/ml in 20 mMMES, pH 6.5, and 2 mM DTT. The initial crys-
tallization screening was then performed with the Crystal Screen I and
II kits (Hampton Research, USA) using the hanging-drop vapor-diﬀu-
sion method. Brieﬂy, 1 ll of the concentrated protein suspension was
mixed with 1 ll of reservoir solution at 22 C. Hanging drops of these
mixtures were then placed over 0.5 ml of reservoir solution. The best
crystallization conditions for the hBB-CK protein were found to be
0.1 M Na citrate, pH 6.5, 0.2 M ammonium acetate, and 30% PEG
4000. Crystallization under the same conditions resulted in the gener-
ation of three crystals: the ligand-free form, the ADP–Mg2+ bound
form, and the ADP–Mg2+–NO3–creatine bound (TSAC) complex.
Crystals suitable for X-ray diﬀraction analysis grew to maximum
dimensions of approximately 0.5 · 0.5 · 0.2 mm within 4 days.
2.2. Data collection and processing
The crystals were transferred into cryoprotection solution comprised
of 30% ethylene glycol, 0.1 M Na citrate, 0.2 M ammonium acetate,
and 30% PEG 4000, with a pH of 6.5. Next, the crystals were ﬂash-fro-
zen in liquid nitrogen. X-ray diﬀraction data were then collected from
the cooled crystals using an ADSC Quantum CCD 210 detector at
Beam Line 4A in the Pohang Accelerator Laboratory (Pohang, South
Korea). Diﬀraction data were collected at resolutions of 2.2 A˚ and
2.0 A˚. The raw data for the three forms of crystals were then processed
and scaled using the HKL2000 program. The ligand-free form as well
as the ADP–Mg2+ and TSAC ligand-bound crystals were found to be-
long to the tetragonal space group, P43212, and to have unit cell dimen-
sions of a = b = 97.963 A˚ (96.817 A˚ for ADP–Mg2+; 97.720 A˚ for
TSAC), c = 164.312 A˚ (166.229 A˚ for ADP–Mg2+; 166.910 A˚ for
TSAC), and a = b = c = 90. In addition, the crystals were found toTable 1
Data collection statistics and reﬁnement statistics.
Free ligand form
Wavelength (A˚) 1.000
Space group P43212
Resolution range (A˚) 50.0–2.2 (2.28–2.20)
Observed reﬂections 463098
Unique reﬂections 41184
Redundancy 11.3 (9.4)
Completeness (%) 99.5 (99.5)
Rsym (%) 14.4 (26.7)
I/r (I) 33.9 (9.15)
Reﬁnement statistics
Rfactor/Rfree (%) 21.6/25.1
R.m.s.d bond (A˚) 0.0056
R.m.s.d angles () 1.20
Mean B-factor 57.9
Values in parentheses represent the highest resolution shell.
Rsym =
P
hkli|Ihkli  ÆIhklæ|/
P
hkliIhkli, where I is the observed intensity, ÆIæ is
reﬂections. The crystallographic Rfactor is based on 95% of the data used in
validation test. R.m.s.d., root-mean-square deviation.contain two molecules in the asymmetric unit, which corresponded
to VM = 1.80 A˚
3 Da1 (2.24 A˚3 Da1 for ADP–Mg2+and TSAC),
and to have a solvent content of 43.9% (42.9% for ADP–Mg2+and
TSAC) [16] The statistics are shown in Table 1.
2.3. Model building and structure reﬁnement
The crystal structure of the hBB-CK protein has been solved by the
molecular replacement method using the PHASER program [17], with
the coordinates of the chicken brain-type CK (PDB ID; 1QH4, a dimer
model) used as the search model. In this study, reﬁnements were per-
formed by conducting diﬀraction at a resolution of 2.2 A˚ and 2.0 A˚
with several cycles of torsion-angle-simulated annealing, energy mini-
mization, individual B-factor reﬁnement, and manual model rebuild-
ing. The model was completed by iterative cycles of model building
with Coot software [10] and reﬁnement with a Crystallography and
NMR System (CNS) [4] The ﬁnal model used to characterize the li-
gand-free form yielded an Rfactor and Rfree of 21.6% and 25.1%, respec-
tively. The ﬁnal models for the ADP–Mg2+ complex and the TSAC
complex yielded an Rfactor and Rfree of 19.6% and 22.3%, respectively,
for the ADP–Mg2+ complex and values of 19.9% and 23.6%, respec-
tively, for the TSAC complex. The reﬂections used had a resolution
range of 2–50 A˚. All reﬁnement statistics are provided in Table 1,
and the coordinates have been deposited in the Protein Data Bank
(accession code 3DRE for the ligand-free form, 3DRB for the ADP–
Mg2+ complex form, and 3B6R for the TSAC complex form).3. Results and discussion
3.1. Overall structure and fold
The crystals of hBB-CK were comprised of two monomers
in the asymmetric unit (Fig. 1). The overall structure of hBB-
CK contained an N-terminal helical domain (residues 1–100)
and a C-terminal a/b domain (residues 125–381) that were con-
nected by a long linker region (residues 101–124). In the TSAC
or ADP–Mg2+complex structure, the homodimer contained
two monomers with diﬀerent conformations in the asymmetric
unit; one form was a closed form with bound ADP–Mg2+ or
TSAC, and the other was an open ligand-free form. In other
words, the homodimer found in the asymmetric unit was not
occupied by ligand in both monomers for the crystals that con-
tained both ADP–Mg2+ and TSAC. When both protomers
were compared, the positions of the two loops comprised of
residues 60–70 and residues 323–332 had changed. Also, when
the structure of loop 60–70 of TSAC were compared between
hBB-CK and AK, the shorter loop in the TSAC of AK was un-BBCK-ADP-Mg2+ BBCK-TSAC
1.000 1.000
P43212 P43212
50.0–2.0 (2.05–2.00) 50.0–2.0 (2.07–2.00)
654984 368057
62701 50932
10.4 (4.3) 7.2 (1.8)
97.7 (95.6) 94.5 (62.6)
7.7 (26.6) 7.1 (25.4)
34.56 (3.22) 18.7 (1.5)
19.6/22.7 19.9/23.6
0.0127 0.0049
1.49 1.19
57.2 49.5
the average intensity, and i are counts through all symmetry-related
reﬁnement and Rfree is based on 5% of the data withheld for cross-
Fig. 1. A diagram of the hBB-CK dimer is shown. The overall structure of hBB-CK consists of a smaller N-terminal domain (violet area) and a larger
C-terminal domain (blue area). The ligands are depicted as sticks, and the Mg2+ ion is depicted as a ball. The linker loop is depicted in yellow, and the
two loops of the active site are in green. The monomer–monomer interface residues are D54 and R148.
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closed form, both loops moved into the active site, which re-
sulted in the positioning of two hydrophobic residues (one
from each loop), Ile69 and Val325, near the methyl group of
creatine. Interactions were also observed within the monomers
between residues Asp54 and Arg148. These interactions re-
sulted in the formation of additional salt bridges or hydro-
gen-bonding interactions within the dimer interface.
Furthermore, the two monomers in the asymmetric unit inter-
acted in a fashion similar to the interactions known for CK di-
mers (mitochondrial and brain). In the backbone structure the
TSAC of hBB-CK, the unbound monomers could be superim-Fig. 2. Shown is a diagram of the active site of (A) the ligand-free form, (B
ligands and side chains are shown as stick models. The Mg2+ ions are showposed on bound monomers in the asymmetric unit and on the
unliganded monomers in the ligand-free structure, with an
r.m.s.d. of 3.03 A˚ and 1.02 A˚ (as determined by CNS [4]),
respectively, for the Ca (1–381) atoms of the overall structures.
Additionally, the backbone structure of hBB-CK could be
superimposed on the ubiquitous Mia-CK and muscle-type
CK of T. californica (TcCK), with an r.m.s.d. of 12.24 A˚ and
1.61 A˚ (as determined by CNS [4]), respectively, for the Ca
atoms (1–381) of the overall structures. However, when the
Ca atoms of hBB-CK and Mia-CK were superimposed, there
were signiﬁcant diﬀerences observed in the N-terminal (resi-
dues 6–15), C-terminal (residues 368–381), and loops (residues) the ADP–Mg2+ complex, and (C) the hBB-CK TSAC structure. The
n as ball models. The two loops are colored green.
Fig. 3. This ﬁgure depicts (A) the active site residues of the hBB-CK TSAC, (B) the active site electrostatic surface of the hBB-CK TSAC, and (C) the
active site electrostatic surface of the hBB-CK ADP-Mg2+. The ligands are depicted as stick models. The ligand atoms, ADP–Mg2+–creatine and
nitrate (NO3) are shown in yellow and green, respectively, and the protein residues are shown in blue. The gray mesh seen at the contour level
represents 4r (NO3, Mg2+), 1.5r (creatine) and 3r (ADP) in a 2Fo–Fc electron density map.
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indicate that hBB-CK is more similar to TcCK than to ubiqui-
tous Mia-CK.
3.2. Enzyme-transition-state complex
Two crystals had the transition-state complex (ADP–Mg2+,
nitrate, and creatine) and the ADP–Mg2+ complex. Each of
these structures was an asymmetrical homodimer in an asym-
metric unit. The transition-state analogue complex (hBB-CK-
TSAC) and the ADP–Mg2+complex (hBB-CK-ADP–Mg2+)
were bound in one protomer whereas the other protomer did
not contain any substrates in the active site. This ﬁnding
proved to be advantageous to our analyses because it provided
a unique view of the native enzyme–substrate complex, ADP–
Mg2+, and the enzyme-transition-state analogue complex
forms.
When we compared the structures of the hBB-CK-ADP-
Mg2+ and the hBB-CK-TSAC complexes, the residues of the
ADP binding site that hold the nucleotide were found to be
nearly identical (Fig. 2). Speciﬁcally, the adenosine rings were
positioned by stacking interactions and several hydrogen
bonds. For example, there was a stacking interaction between
His296 and the adenine ring, and His191 formed a hydrogen
bond to the 2 0-hydroxyl group of the ribose ring along with
the main chain N from Gly294. Several studies have shownthat His296 is particularly important to protein function and
that even conservative replacement with asparagines results
in a considerable decrease in both substrate-binding aﬃnity
and catalytic activity. Other interactions with the adenosine
group occurred through three water molecules that bridged
the side-chain carboxylate group of Asp335 and the main-
chain carbonyl oxygens of Arg292 and Ile188. The remaining
portion of the active site included the nucleotide phosphate
binding site (a, b, and c) and the creatine binding site [15].
The phosphate binding pocket is composed of a concentra-
tion of positive charges, comprised primarily of ﬁve highly-
conserved arginine residues (Arg130, Arg132, Arg236,
Arg292, and Arg320) and Mg2+. The Mg2+ plays a role in
the alignment of the substrates, thereby enabling stabilization
of the phosphoryl transfer reaction [19] Conversely, the argi-
nines interact with the non-bridging phosphate oxygens
through monodentate interactions (from Arg132 Ng1 and
Arg292 Ne to the b-phosphate) and bidentate interactions
(Arg236 with the b-phosphate and nitrate oxygens, Arg320
with the a-phosphate and nitrate oxygens, and Arg130 with
the b-phosphate oxygen and the ring oxygen of the ribose).
In addition, the Mg2+ ion has one nitrate and three non-bridg-
ing oxygens from two phosphates of the ADP group, whereas
water molecules replace the nitrate in the hBB-CK-ADP–Mg2+
complex.
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main-chain nitrogen of Val72, with the remainder of its inter-
actions occurring via water molecules that are held in place by
protein side chains. This speciﬁcity for creatine appears to oc-
cur via a binding ‘‘pocket’’ formed by Ile69 and Val325. The
other important residue, Cys283, interacts with the non-nucle-
ophilic g-nitrogen of creatine (i.e., the nitrogen transfers to the
methyl group). This residue is known to have a relatively low
pKa value (5.4), which suggests that the optimal binding of cre-
atine occurs when Cys283 is in the form of a thiolate anion.
Ser285 interacts with Cys283 in two ways: through its back-
bone carbonyl group and through its hydroxyl group, both
of which contribute to its low pKa value. The importance of
the Cys283 and Ser285 residues has long been the subject of
debate. However, mutagenesis experiments have now demon-
strated that while both residues are important, neither
Cys283 nor Ser285 are essential for catalysis [18] Cys283 helps
keep the creatine anchored and positioned for nucleophilic at-
tack on the c-phosphorus of Mg–ATP [4,15] It is also impor-
tant to note that both Cys283 and Glu232 move closer to
the phosphate binding pocket when the ligand binds to pro-
tein. The side-chain carboxyl group of Glu232 then forms a
strong bidentate electrostatic interaction with the guanidine
group of creatine, which orients the substrate in the correct
location for catalysis. The nitrate ion interacts with the Mg2+
ion as well as Arg236 and Arg320, which are part of the ﬂex-
ible loop (residues 322–332). In addition, the Arg320, Glu232,
and Cys283 residues in hBB-CK are in a diﬀerent location
compared to the native form of BB-CK. Anions such as nitrate
interact only weakly with divalent metal ions; however, stabi-
lizing interactions with the positively-charged arginines located
on either side of the nitrate anion allow such associations to
occur (Figs. 2 and 3).Fig. 4. Shown is (A) an overlay of the active site residues of the hBB-
CK (blue), the MM-CK of rabbit (yellow) and TcCK (green) and (B)
an overlay of the active site residues of the hBB-CK (cyan) and the
ubiquitous Mia-CK (white). The greatest diﬀerences in the superim-
posed structures are shown in red.3.3. Comparison of hBB-CK and MM-CK structures
The hBB-CK and the muscle-type CK (MM-CK) share al-
most 80% amino acid sequence identity, pointing to the high
homology of their three-dimensional structures. Indeed, no
signiﬁcant divergence in the overall fold was seen. The back-
bone structure of the hBB-CK TSAC could be superimposed
on the muscle-type CK of TcCK TSAC, with an r.m.s.d. of
1.61 A˚ (as determined by CNS [4]) for the 381 Ca atoms of
the overall structures. In the ligand-free form, the backbone
structure of hBB-CK could be superimposed on the muscle-
type CK of rabbit, with an r.m.s.d. of 4.45 A˚ (as determined
by CNS [4]) for the Ca(1–381) atoms of the overall structures.
Although the structures of the two isoforms showed high
homology, when the Ca atoms of hBB-CK and muscle-type
CK of rabbit were superimposed, there were signiﬁcant diﬀer-
ences observed in the loops (residues 321–326). Assays with
ﬂuorescently-labeled MM-CK and genetically-engineered
MB-CK hybrids have shown that the N-terminal part of the
MM-CK is responsible for the observed diﬀerential binding
pattern when BB-CK and MM-CK are coupled to the myo-
ﬁbrillar actin-activated Mg2+-ATPase as ATP regenerators
[7,25]. Furthermore, the isoenzyme-speciﬁc interaction of
MM-CK and BB-CK with the sarcomeric M-band and I-band,
respectively, are both within the N-terminal region of the
respective cytosolic CK isoforms [25] The backbone conforma-
tion in this region is nearly identical for both enzymes; there-
fore, the changes in the charge distribution introduced bythis mutation must be responsible for the diﬀerence in the con-
formation of the active site observed between these two isoen-
zymes (Fig. 4A). It is also possible to compare the ADP–Mg2+
bound form of hBB-CK to the muscle-type CK of TcCK and
rabbit. Taken together, these comparisons aid in identiﬁcation
of the residues involved in the substrate binding site (Fig. 4A).
Furthermore, large diﬀerences between the hBB-CK and MM-
CK structures exist in the ADP–Mg2+ bound form.
When the ADP–Mg2+ complex structures of hBB-CK,
TcCK, and rabbit CK were compared, the positions of the
two ﬂexible loops in hBB-CK and MM-CK of TcCK and rab-
bit diﬀered signiﬁcantly (Fig. 4A). Speciﬁcally, the two ﬂexible
loops that comprise the nucleotide and creatine binding sites
were found to undergo signiﬁcant conformational diﬀerences;
the residues (Val325 and Asp326) on loop 323–332 and the res-
idues (His66, Ile69) on loop 60–70 contacted the ADP and cre-
atine, respectively. The ligand-bound form of the hBB-CK is a
closed structure, whereas the ligand-bound form of the MM-
CK is an open structure (Fig. 4A). His66, which is analogous
to His65 in MM-CK, was found in part of the conserved
PGHP motif of hBB-CK in loop 60–70. Reportedly, His66 is
important in the catalytic reaction [26]. Speciﬁcally, this histi-
dine residue moves signiﬁcantly following substrate binding,
possibly contributing to the electrostatic environment of the
active site even though it is not involved in the catalyzed reac-
tion [28] Our ﬁndings clearly show that His66 interacts with
the carboxyl group of Asp326 from loop 323–332, eﬀectively
Fig. 5. (A) This ﬁgure shows superimposition of the two protomers structures of the hBB-CK complex with TSAC. The active site residues of the
TSAC-binding protomer (cyan) and the unliganded protomer (white) are overlayed. (B) Shown is the superimposition of the two protomer structures
of the hBB-CK complex with ADP–Mg2+. The active site residues of the ADP–Mg2+-binding protomer (cyan) is overlayed with the unliganded
protomer (white).
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arginine residues of the active site are in the same position in
hBB-CK, MM-CK of TcCK, and the rabbit ADP–Mg2+com-
plex structures, with the exception of Arg320. In the hBB-CK
complex structure with bound ADP–Mg2+ or TSAC, Arg320
changes to bidentate with an additional hydrogen bond
formed to the oxygen of the a-phosphate, whereas the
Arg320 residue interacts with the non-bridged oxygen of the
a-phosphate in the MM-CK of TcCK and rabbit ADP-
Mg2+complex structures (Fig. 4A).
The crystallographic and biochemical data generated here
are consistent with a model in which the binding of the transi-
tion-state complex to one monomer aﬀects the binding aﬃni-
ties to the second monomer of the dimer [15,29] When we
superimposed two protomers in the complex structures, the
loops comprised of residues 60–70 (Ile 69 and His66) and
323–332 (Val 325 and Asp 326) of the unliganded protomer
were unlatched in the open form. On the other hand, the active
site residues of the ligand-binding protomer were latched in the
closed form. Specially, the arginine residues (residues 130 and
320) are in diﬀerent positions in the unliganded and liganded
protomers (Fig. 5). Overall, the residues of the binding site
for the bound ADP–Mg2+ or TSAC molecules were found to
adopt nearly identical conformations (Fig. 2).
The structural analysis shows that the ligand-free monomer
in the TSAC complex structure could be superimposed on
monomers in the ligand-free structure, with an r.m.s.d of
1.02 A˚ (as determined by CNS [4]) for the Ca (1–381) atoms
of the overall structures. The main structural diﬀerence was
in the position of the loop segments (residues 300–323), which
may aﬀect their catalytic function of controlling access to the
active site cleft. Biologically, the negative cooperativity may
be advantageous in promoting the release of the nucleotide
product of ADP or ATP after catalysis has occurred. Because
neither the binding of the substrate complex nor the formation
of the transition state coincides with the closing of the loops, it
is reasonable to assume that the structural mechanism for the
negative cooperativity would physically close the loops (resi-
dues 60–70 and 323–332) by linking the two monomers across
the dimer interface. Although the structural mechanism by
which this occurs is not yet clear, it appears that TSAC occu-
pancy [Author: Is this OK?] in one monomer can stabilize the
open form in the second monomer of the dimer.Acknowledgements:We thank Drs. H.S. Lee, K.H. Kim, and K.J. Kim
at Beam Line 4A, Pohang Accessory Laboratory, for assistance with
the data collection. This experiment was supported by the Functional
Proteomics Center, 21C Frontier Program of the Korea Ministry of
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